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AMENDMENT TO THE CLAIMS 

1. (Original) Apparatus for controlling switching circuitry for 
generating an analog output from a digital signal, the digital 
signal carrying multi-bit values at a sampling rate, the digital 
signal including first and second digital sub- signals carrying 
respective least and most significant components of the multi-bit 
values carried by the digital signal, comprising: 

pulse width modulation (PWM) circuitry operative to generate 
a pulse width modulated signal based on the first digital 
sub-signal; and 

switch control circuitry under the control of the pulse width 
modulated signal and the second digital sub- signal and operative 
via the switching circuitry to produce the analog output . 

2. (Original) Apparatus according to claim 1, further comprising a 
noise shaper operative to generate a coarsely quantized digital 
sub-signal from the first digital sub-signal, and wherein the PWM 
circuitry is operative in response to the coarsely quantized 
digital sub- signal . 

3. (Original) Apparatus according to claim 1, wherein the digital 
signal is a first digital signal and the sampling rate is a first 
relatively high sampling rate, and further comprising an 
interpolator operative to perform interpolation based on a second 
digital signal to obtain the first digital signal, the second 
digital signal carrying mult i -bit values at a second sampling rate 
lower than the first sampling rate. 
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4- (Currently Amended) Apparatus according to claim 1, wherein: 

the analog output is generated from a multi- level electrical 
signal which includes a pulse width modulated component and a 
multi-level component; 

the switching circuitry includes a plurality of switches each 
operative in response to assertion of a corresponding one of 
switch control signals to provide one of a set of distinct levels 
of the multi -level electrical signal; 

the PWM circuitry includes a pulse width modulation (PWM) 
converter operative to generate the pulse width modulated signal 
and a maximum width puloo — oignal , — fehe — maximum width puloc — oignal 
cotabliohing the maximum pormiooiblo puloo duration in a oampling 
cycle — ieae — the — multi level — clQCtrical — oignal based on the first 
digital sub- signal ; and 

the switch control circuitry includes a level selector 
operative to assert each of the switch control signals based on 
the pulse width modulated signal, fehe-a maximum- width-pulse signal 
and the second digital sub-signal , the maximum- width-pulse signal 
establishing the maximum pernmissible pulse duration in a sampling 
cycle for the pulse width modulated signal . 

5. (Original) Apparatus according to claim 4, wherein: 

the assertion of a first one of the switch control signals by 
the level selector in response to a corresponding value of the 
second digital sub-signal establishes a base level of the 
multi -level electrical signal for a sampling cycle; and 

during a given cycle, the level selector is further operative 
in response to the pulse width modulated signal to assert a second 
one of the switch control signals to provide a pulse level of the 
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multi-level electrical signal, the pulse level of the multi-level 
electrical signal being different from the base level of the 
multi-level electrical signal. 

6. (Currently Amended) Apparatus according to claim 5, wherein the 
second switch control signal is asserted during a first period of 
the cycle as established by the pulse width modulated signal, the 
first switch control signal is asserted during a second period 
which is outside the first period of the cycle and within the 
maximum pulse duration in the cycle as established by the 
maximum- width-pulse signal, and neither the first switch control 
signal nor the second switch control signal but a t hi rd swi t ch 
control signal is asserted during a third period of the cycle 
constituting a remainder portion beyond the maximum permissible- 
pulse duratio n to provide an idle level of the multi- level 
electrical signal . 

7. (Original) Apparatus according to claim 5, wherein the lowest 
value of the second digital sub- signal corresponds to the lowest 
base level of the multi -level electrical signal which is also the 
lowest level of the multi-level electrical signal, and 
successively higher values of the second digital sub- signal 
correspond to successively higher base levels of the multi -level 
electrical signal . 

8. (Currently Amended) Apparatus according to claim 4, wherein 
each of the levels in the set of distinct levels of the multi- 
level electrical signal is a corresponding multiple — ratio of a 
reference level - 
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9. (Currently Amended) Apparatus according to claim 4, wherein the 
plurality of switches are arranged in a multiple H-bridge 
configuration and are operative to apply either (1) zero voltage 
level to both ends of a load connected to the switches, or 
(2) equal — magnitude a — e# a positive and or negative voltage level 
to oppoaitc one ende of the load and a zero voltage level to the 
other end at one any given time, such that current flowing through 
the load in one direction represents one positive voltage level, 
current flowing through the load in the reverse direction 
represents one negative voltage level, and no current flowing 
through the load represents a zero voltage level. 

10. (Currently Amended) Apparatus according to claim 4, wherein 
the analog output is an acouotic analog a physical output. 

11. (Currently Amended) Apparatus according to claim 10, wherein 
the acouatiG analog p hysical output is an audio acoustic output. 

12. (Original) Apparatus according to claim 4, wherein control of- 
the magnitude of the analog output is obtained by controlling the 
magnitude of each of the levels in the set of distinct levels of 
the multi-level electrical signal. 

13. (Currently Amended) Apparatus according to claim 4, wherein: 

the multi -level electrical signal is one of a plurality of 
multi-level electrical signals from which the analog output is 
generated, each multi -level electrical signal being generated from 
a corresponding one of a plurality of channels; 
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the plurality of switches is one set of a plurality of sets 
of switches, each set being associated with a corresponding one of 
the channels, and the switch control signals are one set of a 
plurality of first sets of control signals, each first set of 
control signals being associated with a corresponding channel, 
each switch in the set of switches for each channel being 
operative in response to assertion of a corresponding one of the 
first set of control signals for the channel to provide one of the 
set of distinct, levels of the multi- level electrical signal of the 
channel ; aftd 

the level selector is one of a plurality of level selectors 
each being associated with a corresponding one of the channels, 
the level selector of each channel being operative to assert each 
of the first set of control signals of the channel in response to 
a corresponding one of a plurality of second sets of control 
signals; 

and the switch control circuitry further comprioing includes 
an encoder operative to generate the second sets of control 
signals based on the second digital sub- signal. 

14. (Currently Amended) Apparatus for controlling switching 
circuitry for generating an analog output from a digital signal, 
the digital signal carrying multi -bit values at a sampling rate, 
the digital signal including first and second digital sub- signals 
carrying respective least and most significant components of the 
multi-bit values carried by the digital signal, the analog output 
being generated by additively combining a plurality of analog 
component outputs from a corresponding plurality of channels, each 
analog component output being generated from a corresponding one 
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of a plurality of electrical signals, the switching circuitry 
including a plurality of switches, each switch being associated 
with a corresponding one of the channels, the switch for the first 
channel being operative in response to assertion of a pulse width 
modulated signal to generate a corresponding one of the electrical 
signals , the switch for each of the other channels being operative 
based on assertion of a corresponding one of switch control 
signals to generate a predetermined level on the electrical signal 
of the corresponding channel, the apparatus comprising: 

pulse width modulation (PWM) circuitry operative via — fehe 
owitching circuitry to produce a corrcoponding one of a plurality 
of analog component outputs to generate the pulse width modulated 
signal based on the first digital sub-signal; and 

switch control circuitry operative to assert different 
numbers of the switch control signals based on the second digital 
sub- signal . 

15. (Original) Apparatus according to claim 14, further comprising 
a noise shaper operative to generate a coarsely quantized digital 
sub- signal from the first digital sub- signal, and wherein the PWM 
circuitry is operative in response to the coarsely quantized 
digital sub-signal . 

16- (Currently Amended) Apparatus according to claim 14, wherein 
the digital signal is a firot digital oignal and tho sampling rate 
io a first relatively high sampling rate, — and further comprising 
aft — interpolator — operative — fee — perform — interpolation — based — en — a 
second — digital — signal — fee — obtain — the — firot — digital — signal, — fehe 
second — digital — oignal — carrying — multi bit — values — at — a — occond 
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oampling rate lower than the firot oampling ratc further comprising 
an interpolator operative to generate a first digital signal from 
the digital signal, the first digital signal carrying mult i -bit 
values at a first sampling rate higher than the sampling rate of 
the digital signal and wherein the first and second digital sub- 
signals are not included in the digital signal but included in the 
first digital signal and carry respective least and most 
significant components of the multi-bit values carried by the 
first digital signal. . 

17. (Original) Apparatus according to claim 14, wherein the 
prcdctGrminod lovol gonoratcd on each of the electrical signals is 

generated with the same predetermined level . 

18. (Currently Amended) Apparatus according to claim 14, wherein 
the switch control circuitry includes an encoder operative to 
assert zero number of switch control signals when the value of the 
second digital sub-signal is zero, and successively greater 
numbers of the switch control signals for successively higher 
values of the second digital sub-signal. 



19. (Currently Amended) Apparatus according to claim 14, wherein: 

the plurality of electrical signals include fixed-pulse-width 
electrical signals and a variable-pulse-width electrical signal, 
and the analog component outputs include fixed-pulse-width analog 
component outputs and a variable-pulse-width analog component 
output generated from the fixed-pulse-width electrical signals and 
a variable-pulse-width electrical signal respectively; 
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the analog output is further generated by additively 
combining the fixed-pulse-width analog component outputs with the 
variable-pulse-width analog component output; 

the switching circuitry includes the a — switch for the first 
channel operative in response to assertion of a — the pulse width 
modulated signal to generate a — prodotoarmincd — lovcl — bh — the 
variable -pulse -width electrical signal , and the other switches 
each operative in response to assertion of a corresponding one of 
switch control signals and a maximum- width -pulse signal to 
generate a predetermined level on the corresponding fixed-pulse- 
width electrical signal, the maximum- width-pulse signal 
establishing the maximum permissible pulse duration in a sampling 
cycle for the pulse width modulated signal ; and 

the PWM circuitry includes a pulse width modulation (PWM) 
converter operative to generate the pulse width modulated signal 
and Q maximum width puloc oignal, — the puloc width modulated oignal 
being based on the first digital sub- signal-? — the — maximum width 
puloc aignal — ootablishing the puloc duration in a oampling cycle 
for the fixed puloc width clGGtrical oignalo . 

20. (Currently Amended) Apparatus according to claim 14, wherein 
each — e# — the plurality of switches is — are not coupled to a 
different single p ower supply. 

21. (Currently Amended) Apparatus according to claim 14, wherein: 

each of the electrical signals is a multi- level electrical 
signal generated from a corresponding channel; 

each of the switches is a first switch of a corresponding set 
of switches in a corresponding one of the channels, and each of 
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the switch control signals is one of a first set of control 
signals of the corresponding channel, each switch within each set 
of switches for each channel being operative in response to 
assertion of a corresponding one of the first set of control 
signals of the channel to generate one of a set of distinct levels 
of the multi-level electrical signal of the channel; and 

the switch control circuitry further includes a plurality of 
level selectors each associated with a corresponding channel, each 
level selector being operative to assert each of the first set of 
control signals of the channel in response to a corresponding one 
of a plurality of second sets of control signals-^_^ and further 
Gomprioing includes an encoder operative to generate the second 
sets of control signals based on the second digital sub-signal. 

22. (Currently Amended) Apparatus according to claim 14, wherein 
the digital signal is a first frequency component and each of the 
analog component outputs is in a first frequency band associated 
with the first frequency component, the analog component outputs 
in the first frequency band being additively combined to form a 
first frequency analog output, and the analog output is generated 
by additively combining the first frequency analog output in the 
first frequency band with a second frequency analog output in a 
second frequency band associated with a second frequency 
component, and wherein the channels are channels in the first 
frequency band and the switching circuitry, PWM circuitry, pulse 
width modulated signal, maximum- width-pulse signal, switch control 
signals and switch control circuitry are first switching 
circuitry, first PWM circuitry, first pulse width modulated 
signal, first maximum-width-pulse signal, first switch control 

-12- 

WEINGARTEN, SCHURGIN, 
GAGNEBIN & LEBOVICI LLP 
TEL. (617) 542-2290 
FAX. (617) 451-0313 



Application No. 10/678,614 
Filed: October 3, 2003 
TC Art Unit: 2613 
Confirmation No, : 9436 

signals and first switch control circuitry respectivel y associated 
with the first frequency band , and further comprising: 

a band -separating filter operative to generate the first and 
second frequency components of the digital signals- 
second switching circuitry including a switch operative in 
response to assertion of a second pulse width modulated signal to 
generate a predetermined level on an electrical signal from which 
the second frequency analog output is generated; and 

second PWM circuitry operative to generate the second p ulse 
width modulated signal based on the second frequency component . 

23. (Currently Amended) Apparatus according to claim 22, wherein: 

the second frequency component includes third and fourth 
digital sub-signals carrying respective least and most significant 
components of the multi-bit values carried by the second frequency 
component ; 

the electrical signal is one of a plurality of electrical 
signals in the second frequency band, each electrical signal being 
generated from a corresponding one of a plurality of channels in 
the second frequency band, the second frequency analog output 
being generated by additively combining a plurality of analog 
component outputs from the plurality of channels in the second 
frequency band, each analog component output in the second 
frequency band being generated from a corresponding one of a 
plurality of electrical signals of the channels in the second 
frequency band; 

the switch in the second switching circuitry is one of a 
plurality of switches, each switch being associated with a 
corresponding one of the channels in the second frequency band, 
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the switch for eae — — the first channel in the second frequency 
band being operative in response to assertion of a — the second 
pulse width modulated signal to generate a predetermined level on 
a corresponding one of the electrical signals, the switch for each 
of the other channels in the second frequency band being operative 
in response to assertion of a corresponding one of second switch 
control signals and a second maximum- width-pulse signal to 
generate a predetermined level on the electrical signal of the 
corresponding channel in the second frequency band, the second 
maximum- width-pulse signal establishing the maximum permissible 
pulse duration in a sampling cycle for the electrical — aignalo of 
thoae — other — channel o — iR — fefee — oecond — frequency — ban d second pulse 
width modulated signal ; and 

the second PWM circuitry operative to generate the second 
pulse width modulated clcGtrical — signal and — the — maximum width 
puloc oignal, — the pulac width modulated aignal being based on the 
third digital sub-signal; and further comprising 

second switch control circuitry including an encoder 
operative to assert different numbers of the second switch control 
signals based on the fourth digital sub-signal. 

24. (Original) Apparatus according to claim 22, wherein the first 
frequency band is a higher frequency band with more channels and 
the second frequency band is a lower frequency band with fewer 
channels. 

25. (Currently Amended) Apparatus according to claim 14, wherein 
the analog output is an acouotic analog a physical output. 
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26. (Currently Amended) Apparatus according to claim 25, wherein 
the acouatic analog p hysical output is an audio acoustic output. 

27. (Original) Apparatus according to claim 14, the apparatus 
being contained within a single enclosure. 

28. (Original) Apparatus according to claim 14, wherein control of 
the magnitude of the analog output is obtained by controlling the 
magnitude of the predetermined levels used by the switching 
circuitry of the channels. 

29. (Currently Amended) Apparatus for controlling switching 
circuitry for generating an analog output from a digital signal, 
the digital signal carrying mult i -bit values at a sampling rate, 
the digital signal including first and second digital sub- signals 
carrying respective least and most significant components of the 
multi-bit values carried by the digital signal, the analog output 
being generated by additively combining analog component outputs 
from first and second channels, the analog component output of the 
second channel being generated from a multi-level electrical- 
signal, the switching circuitry including a set of switches each 
operative based on assertion of a corresponding one of first set 
of control signals for the second channel to provide one of a set 
of distinct levels of the multi-level electrical signal of the 
second channel, the apparatus comprising: 

pulse width modulation (PWM) circuitry operative to generate 
a pulse width modulated signal and a maximum width puloc oignal , 
the pulse width modulated signal being based on the first digital 
sub - s igna 1-? fefee maximum width puloo aignal catabliohing the 
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maximum pcrmiooiblc — puloc — duration — ift — a — aampling — cycle — ge^e — t4=ie 
electrical — oignalo — e£ — fefee — f irot — afid — oecond — channel, — fefee — puloe 
width — modulated — aignal — being and operat i ve via the switching 
circuitry to generate an electrical signal from which the analog 
component output of the first channel is generated; and 

a — level — oelector — aooociatcd — with — fcfee — oecond — channel , — fehe 
level — oelector being operative to aoacrt each of — fcfee — f irot — set — e# 
control — oignalo of the — oecond channel — in reoponoe to a oecond oet 
of control oignalo for the oecond channel; and 

an encoder operative — to generate — fefee — oecond oet — e€ — control 
oignalo — §ea? — fefee — oecond — channel — baoed on the — oecond — digital — oub 
oignal switch control circuitry including a level selector 
associated with the second channel operative to assert each of the 
first set of control signals of the second channel based on the 
second digital sub-signal and a maximum-width-pulse signal; the 
maximum-width-pulse signal establishing the maximum permissible 
pulse duration in a sampling cycle for the pulse width modulated 
signal . 

30. (Currently Amended) Apparatus according to claim 29, wherein 
the second channel is one of a plurality of fixed-pulse-width 
channels; 

the multi-level electrical signal is one of a plurality of 
multi-level electrical signals, each multi-level electrical signal 
being generated from a corresponding one of a plurality of fixed- 
pulse-width channels; 

the analog output is generated by additively combining a 
plurality of analog component outputs from the first channel and 
the plurality of fixed-pulse -width channels, each — the analog 
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component output of tfee — each fixed-pulse -width channels being 
generated from a corresponding one of the multi- level electrical 
signals; 

the set of switches is one set of a plurality of sets of 
switches, each set being associated with a corresponding one of 
the fixed-pulse-width channels, the first set of control signals 
for the second channel are one set of a plurality of first sets of 
control signals for the plurality of fixed-pulse-width channels, 
and the occond oct of control oignalo aro one oct of a plurality 
ef — OQGond — sets — e£ — control — signal a — §e3? — fehe — fixed pulse width 
channel a, — each first set of control signals for the fixed-pulse- 
width channels being associated with a corresponding fixed-pulse- 
width channel, each switch in the set of switches for each fixed- 
pulse -width channel being operative in response to assertion of a 
corresponding one of the first set of control signals for the 
corresponding fixed-pulse -width channel to provide one of the set 
of distinct levels of the multi-level electrical signal of the 
corresponding fixed-pulse-width channel; 

the level selecto r associated with the second channel is one 
of a plurality of level selectors each being associated with a 
corresponding one of the fixed-pulse-width channels, the level 
selector of each fixed-pulse-width channel being operative to 
assert each of the corresponding first set of control signals of 
the fixed-pulse-width channel in response to a corresponding one 
of a plurality of second sets of control signals and the maximum- 
width-pulse signal ; and 

the switch control circuitry further includes an fe fee— encode r 
•3r9— operative to generate the second sets of control signals based 
on the second digital sub-signal. 
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31. (Currently Amended) Apparatus according to claim 29, wherein 
(i) the electrical signal from which the analog component output 
of the first channel is generated is a multi-level electrical 
signal, and (ii) the act of awitchco, — the first and occond act of 
control — Gignalo, — and — fehe — level — selector arc — aooociatcd with the 
second channel, — level selector associated with the second channel 
is operative to assert each of the first set of control signals of 
the second channel in response to a second set of control signals 
for the second channel, and (iii) the switch control circuitry 
includes an encoder is — operative to generate the second sets of 
control signals for the first and second channels in response to 
the second digital sub-signal, and further comprising: 

a set of switches for the first channel within the switching 
circuitry, each switch in the set of switches for the first 
channel being operative based on assertion of a corresponding one 
of first set of control signals for the first channel to provide 
one of the set of distinct levels of the multi- level electrical 
signal of the first channel; and 

a level selector for the first channel being — within the 
switch control circuitry operative to assert each of the first set 
of control signals of the first channel based on the pulse width 
modulated signal, the maximum- width-pulse signal and the second 
set of control signals of the first channel. 

32. (Original) Apparatus according to claim 29, wherein: 

the multi -level electrical signal of the second channel is a 
fixed-pulse-width electrical signal, the analog component output 
of the second channel is a fixed-pulse-width analog component 
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output, and the analog component output of the first channel is a 
variable-pulse-width analog component output generated from a 
variable-pulse-width electrical signal; and 

the switching circuitry includes a set of switches for the 
first channel operative in response to assertion of the pulse 
width modulated signal to generate the variable-pulse-width 
electrical signal . 

33. (Original) Apparatus according to claim 29, further comprising 
a noise shaper operative to generate a coarsely quantized digital 
sub-signal from the first digital sub-signal, and wherein the PWM 
circuitry is operative in response to the coarsely quantized 
digital sub-signal. 

34- (Currently Amended) Apparatus according to claim 29, wherein 
the digital oignal io a firot digital oignal and the oampling rate 
io a firot relatively high oampling rate, — and further oomprioing 
aR — interpolator — operative — fee — perform — interpolation — baaed — en — a 
oecond — digital — oignal — fee — obtain — fefee — firot — digital — oignal, — fehe 
oecond — digital — oignal — carrying — multi bit — value a — afe — a — oecond 

oampling rate lower — than fefee firot oampling a^afe ^ further 

comprising an interpolator operative to generate a first digital 
signal from the digital signal, the first digital signal carrying 
multi-bit values at a first sampling rate higher than the sampling 
rate of the digital signal and wherein the first and second 
digital sub- signals are not included in the digital signal but 
included in the first digital signal and carry respective least 
and most significant components of the multi -bit values carried by 
the first digital signal . 
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35. (Currently Amended) Apparatus according to claim 29, wherein 
the digital signal is a first frequency component and each of the 
analog component outputs is in a first frequency band associated 
with the first frequency component, the analog component outputs 
in the first frequency band being additively combined to form a 
first frequency analog output, and the analog output is generated 
by additively combining the first frequency analog output in the 
first frequency band with a second frequency analog output in a 
second frequency band associated with a second frequency 
component , tbe — socond — frcqucnGy — component — including — third — and 
fourth — digital — sub aignalo — carrying — rcopoctivQ — Icaot — aad — moot 
oignif icant — component o — e£ — the — Gocond — frequency — component , — and 
wherein the channels are channels in the first frequency band and 
the switching circuitry, pulse width modulated signal, maximum- 
width-pulse signal, PWM circuitry, level selector and Gncodcr and 
switch control circuitry are first switching circuitry, first 
pulse width modulated signal, first maximum- width-pulse signal, 
first PWM circuitry, first level selector and first encoder switch 
control circuitry respectivel y associated with the first frequency 
band , and further comprising: 

a band- separating filter operative to generate the first and 
second frequency components of the digital signal; 

second switching circuitry operative in response to assertion 
of a second pulse "width modulated signal third — set — — control 
oignalo — to generate an electrical signal from which the second 
frequency analog output in the occond froqucncy band is generated; 
and 
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second pulse width modulation (PWM) circuitry operative to 
generate a — the second p ulse width modulated signal and a ma3cimum 
width puloG signal, — the puloc width modulated signal based on the 
second frequency component third digital — oub oignal, — fefee — maximum 
width puloG — signal — catabliahing — the — maximum — pcrmissiblo — puloc 
duration in a sampling cyclo for the olcctrical signal; and 

second — level — sclGGtor being — operative — fee — assert — each — — fe4=ie 
third — 9efe — — control — signals — based — on — fehe — pulse — width — modulated 
signal , — the maximum width pulse signal and the fourth digital sub 
signal . 

36. (Currently Amended) Apparatus according to claims — ^ 72 , 
wherein the multi- level electrical signal is a — multi level 
electrical — signal — one of a plurality of multi-level electrical 
signals from — which — feiie — second — frequency — analog — output — in the 
second frequency band — is — generated , each multi -level electrical 
signal in the second frequency band being generated from a 
corresponding one of a plurality of channels in the second 
frequency band; 

the second frequency analog output is generated by additively 

combining a plurality of analog component outputs from the 
plurality of channels in the second frequency band, the analog 
component output of each channel in the second frequency band 
being generated from a corresponding one of the multi -level 
electrical signals; 

the second switching circuitry includiHges a plurality of 
sets of switches, each set being associated with a corresponding 
one of the channels in the second frequency band, and the third 
set of control signals is one set of a plurality of third sets of 
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control signals, each third set of control signals being 
associated with a corresponding channel in the second frequency 
band, each switch in the set of switches for each channel in the 
second frequency band being operative in response to assertion of 
a corresponding one of the third set of control signals for the 
cor re spondi ng channe 1 in the second frequency band to provide one 
of a set of distinct levels of the multi-level electrical signal 
of the corresponding channel in the second frequency band; 

the second level selector is one of a plurality of second 
level selectors each being associated with a corresponding one of 
the channels in the second frequency band, the second level 
selector associated with a first one of the channels in the second 
frequency band being operative to assert each of the third set of 
control signals of the first channel in the second frequency band 
based on the second pulse width modulated signal, the second 
maximum-width-pulse signal and a fourth set of control signals for 
the first channel in the second frequency band, each of the other 
second level selectors being operative to assert control signals 
of the third set of control signals of the corresponding channel 
in the second frequency band in response to a fourth set of 
control signals for the corresponding channel in the second 
frequency band and the second maximum- width -pulse signal; and 

the second switch control circuitry further compriaing — a 
OQCond includes an encoder in the occond frequency band operative 
to generate the fourth set of control signals for each channel in 
the second frequency band based on the fourth digital sub- signal. 

37. (Original) Apparatus according to claim 35, wherein the first 
frequency band is a higher frequency band with more channels and 
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the second frequency band is a lower frequency band with fewer 
channels. 

38. (Currently Amended) Apparatus according to claim 29, wherein 
the analog output is an acouatic analog a physical output . 

39. (Currently Amended) Apparatus according to claim 38, wherein 
the acQuotic analog physical output is an audio acoustic output. 

40. (Original) Apparatus according to claim 29, the apparatus 
being contained within a single enclosure. 

41. (Currently Amended) Apparatus according to claim 29, wherein 
each of the levels in the set of distinct levels of each 
electrical signal is a corresponding multiple ratio of a reference 
level . 

42. (Currently Amended) Apparatus according to claim 3-941 , wherein 
control of the magnitude of the analog output is obtained by 
controlling the magnitude of each of the oct of diotinct Icvclo of 
the multi lovcl clcotriGal oignal the reference level . 

43. (Currently Amended) Apparatus according to claim 29, wherein 
the switches in each set of switches are arranged in a multiple H- 
bridge configuration and are operative to apply either (1) zero 
voltage level to both ends of a load connected to the switches, or 
(2) equal magnitude o of a positive and or negat ive voltage level 
to oppoaitc one end& of the load and a zero voltage level to the 
other end at OHe — any given time, such that current flowing through 
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the load in one direction represents one positive voltage level, 
current flowing through the load in the reverse direction 
represents one negative voltage level, and no current flowing 
through the load represents a zero voltage level. 

44. (Currently Amended) Apparatus according to claim 29, wherein 
each oct of the plurality of sets of switches io are not coupled 
to a different single power supply. 

45. (Currently Amended) A digital audio system for generating an 
acoustic audio signal from a digital signal, the digital signal 
carrying multi-bit audio values at a sampling rate, the digital 
signal including first and second digital sub- signals carrying 
respective least and most significant components of the mult i -bit 
audio values carried by the digital signal, the acoustic audio 
signal being generated from a multi- level electrical signal, the 
system comprising: 

a loudspeaker; 

a low-pass filter coupled to the loudspeaker; 

switching circuitry coupled to the low-pass filter, the 
switching circuitry including a plurality of switches each 
operative in response to assertion of a corresponding one of 
switch control signals to provide one of a set of distinct levels 
of a multi-level electrical signal, the multi-level electrical 
signal being provided to the low-pass filter; 

pulse width modulation (PWM) circuitry operative to generate 
a pulse width modulated signal and a maximum width puloc oignal, 
the puloG width modulated oignal being based on the first digital 
sub-signal-7 fefee maximum width puloc aignal cotabliohing feiie 
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maximum — pcrmiooiblc — puloo — duration — ift — a — oampling — cyclQ — §ea? — fefee 
multi level electrical aignal ; and 

switch control circuitry including a level selector operative 
to assert each of the switch control signals based on the pulse 
width modulated signal, fehe— a maximum- width-pulse signal and the 
second digital sub-signal , the maximum-width-pulse signal 
establishing the maximum permissible pulse duration in a sampling 
cycle for the pulse width modulated signal . 

46. (Currently Amended) A digital audio system according to claim 
45, wherein the plurality of switches are arranged in a multiple 
H-bridge configuration and are operative to apply either (1) zero 
voltage level to both ends of a load connected to the switches, 
the load comprising of a low-pass filter coupled to a loudspeaker, 
or (2) equal — magnitude □ — e# a positive aftd — or negative voltage 
level to oppooitc one end& of the load and a zero voltage level to 
the other end at eee — any given time, such that current flowing 
through the load in one direction represents one positive voltage 
level, current flowing through the load in the reverse direction 
represents one negative voltage level, and no current flowing 
through the load represents a zero voltage level. 

47. (Original) A digital audio system according to claim 45, 
wherein the switching circuitry is operative to select positive 
and negative voltages to generate the acoustic audio signal. 

48. (Currently Amended) A digital audio system according to claim 
45, wherein each of the levels in the set of distinct levels of 
the multi-level electrical signal is a corresponding multiple 
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ratio of a reference level and control of the volume of the 
acoustic audio signal is obtained by controlling the magnitude of 
the reference level. 

49. (Currently Amended) A digital audio system for generating an 
acoustic audio signal from a digital signal, the digital signal 
carrying multi-bit audio values at a sampling rate, the digital 
signal including first and second digital sub-signals carrying 
respective least and most significant components of the multi-bit 
audio values carried by the digital signal, the acoustic audio 
signal being generated by additively combining a plurality of 
acoustic audio component signals from a corresponding plurality of 
channels, each acoustic audio component signal being generated 
from a corresponding one of a plurality of pulse electrical 
signals which include fixed-width pulse electrical signals and a 
variable -width pulse electrical signal, the system comprising: 

a plurality of loudspeakers each associated with a 
corresponding one of the channels; 

a plurality of low-pass filters each coupled to a 
corresponding one of the loudspeakers; 

switching circuitry coupled to the low-pass filters, the 
switching circuitry including a plurality of switches, each switch 
being associated with a corresponding one of the channels, the 
switch for one of the channels being operative on assertion of a 
pulse width modulated signal to generate the variable -width pulse 
electrical signal, the switch for each of the other channels being 
operative on assertion of a corresponding one of switch control 
signals and a maximum-width-pulse signal to generate the 
corresponding fixed-width pulse electrical signal, the maximum- 
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width-pulse signal establishing the maximum permissible pulse 
duration in a sampling cycle for the fixed width puloc GlcGtrical 
signalg pulse width modulated signal , each pulse electrical signal 
being provided to the corresponding low-pass filters- 
pulse width modulation (PWM) circuitry operative to generate 
the pulse width modulated signal — and — fefee — maximum width puloc 
signal, — the puloc width modulated signal being based on the first 
digital sub- signal; and 

switch control circuitry including an encoder operative to 
assert different numbers of the switch control signals based on 
the second digital sub- signal. 

50. (Currently Amended) A digital audio system according to claim 
49, wherein the digital signal is a first frequency component and 
each of the acoustic audio component signals is in a first 
frequency band associated with the first frequency component, the 
acoustic audio component signals in the first frequency band being 
additively combined to form a first frequency acoustic audio 
signal, and the acoustic audio signal is generated by additively 
combining the first frequency acoustic audio signal in the first 
frequency band with a second frequency acoustic audio signal in a 
second frequency band associated with a second frequency 
component, and wherein the channels are channels in the first 
frequency band and the plurality of loudspeakers, plurality of 
low-pass filters, switching circuitr y, switch control circuitry, 
pulse width modulated signal, maximum- width-pulse signal and PWM 
circuitry are firot channclo, — a plurality of first loudspeakers, a 
plurality of first low-pass filters, first switching circuitry_^ 
first switch control circuitry, first pulse width modulated 
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signal, first maximum-width-pulse signal and first PWM circuitry 
respectivel y associated with the first frequency band , and further 
comprising: 

a second loudspeaker associated with the second frequency 

band; 

a second low-pass filter coupled to the second loudspeaker; 

a band- separating filter operative to generate the first and 
second frequency components of the digital signal; 

second switching circuitry coupled to the second low-pass 
filter, the second switching circuitry including a switch being 
operative in response to assertion of a second p ulse width 
modulated signal to generate a pulse electrical signal from which 
the second frequency acoustic audio signal in the aocond frequency 
band is generated; and 

second pulse width modulation (PWM) circuitry operative to 
generate the second pulse width modulated signal based on the 
second frequency component . 

51. (Currently Amended) A digital audio system according to claim 
50, wherein: 

the second frequency component includes third and fourth 
digital sub-signals carrying respective least and most significant 
components of the mult i -bit values carried by the second frequency 
component ; 

the second loudspeaker is one of a plurality of second 
loudspeakers each associated with a corresponding one of the 
channels in the second frequency band; 
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the second low-pass filter is one of a plurality of second 

low-pass filters each coupled to a corresponding one of the second 
loudspeakers; 

the pulse electrical signal is one of a plurality of pulse 
electrical signals in the second frequency band, each pulse 
electrical signal being generated from a corresponding one of a 
plurality of channels in the second frequency band, the second 
frequency acoustic audio signal being generated by additively 
combining a plurality of acoustic audio component signals from the 
plurality of channels in the second frequency band, each acoustic 
audio component signal in the second frequency band being 
generated from a corresponding one of a plurality of pulse 
electrical signals which include fixed-width pulse electrical 
signals and a variable-width pulse electrical signal in the second 
frequency band; 

each pulse electrical signal generated from a corresponding 
one of the channels in the second frequency band is provided to 
its corresponding second low-pass filter; 

the switch in the second switching circuitry is one of a 
plurality of switches, each switch being associated with a 
corresponding one of the channels in the second frequency band, 
the switch for one of the channel in the second frequency band 
being operative in response to assertion of a — the second pulse 
width modulated signal to generate the variable-width pulse 
electrical signal in the second frequency band , the switch for 
each of the other channels in the second frequency band being 
operative in response to assertion of a corresponding one of 
second switch control signals and a second maximum- width-pulse 
signal to generate the fixed-width pulse electrical signal for of 
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the corresponding channel in the second frequency band, the second 
maximum- width-pulse signal establishing the maximum pe rmi s s i bl e 
pulse duration in a sampling cycle for the fixed width — puloc 
electrical oignalo in the occond frequency ban d second pulse width 
modulated signal ; and 

the second PWM circuitry operative to generate the second 
pulse width modulated clcctrioQl — signal eHd — fefee — maximum width 
puloc aignal, — the pulac width modulated oignal being based on the 
third digital sub-signal; and further comprising 

second switch control circuitry including an encoder 
operative to assert different numbers of the second switch control 
signals based on the fourth digital sub-signal . 

52. (Original) A digital audio system according to claim 50, 
wherein the first frequency band is a higher frequency band with 
more channels and the second frequency band is a lower frequency 
band with fewer channels. 

53. (Currently Amended) A digital audio system according to claim 
49, wherein oach of the plurality of switches jrg — are not couplied 
to a different single p ower supply. 

54. (Currently Amended) A digital audio system according to claim 
49, the apparatuo d igital audio system being contained within a 
single enclosure - 

55. (Original) A digital audio system according to claim 49, 
wherein control of the volume of the acoustic audio signal is 
obtained by controlling the magnitude of a reference level used by 
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the switching circuitry to establish the levels of the pulse 
electrical signals . 

56. (Currently Amended) A digital audio system for generating an 
acoustic audio signal from a digital signal, the digital signal 
carrying mult i -bit audio values at a sampling rate, the digital 
signal including first and second digital sub-signals carrying 
respective least and most significant components of the mult i -bit 
audio values carried by the digital signal, the acoustic audio 
signal being generated by additively combining acoustic audio 
component signals from first and second channels, the acoustic 
audio component signal of the second channel being generated from 
a multi- level electrical signal, the system comprising: 

a plurality of loudspeakers each associated with a 
corresponding one of the channels; 

a plurality of low-pass filters each coupled to a 
corresponding one of the loudspeakers; 

switching circuitry including a set of switches each 
operative based on assertion of a corresponding one of first set 
of control signals for the second channel to provide one of a set 
of distinct levels of the multi-level electrical signal of the 
second channel; 

pulse width modulation (PWM) circuitry operative to generate 
a pulse width modulated signal and a maximum width pulac — signal , 
the pulse width modulated signal being based on the first digital 

sub - s ignal-7 fehe maximum width pulse signal cotabliohing fcfee 

maximum pcrmisaiblc — puloo — duration — iH — a — oampling cyclG — iea? — fehe 
Qlcctrical — oignals — e£ — fcfee — first — afid — occond — ohannol, — fefee — puloc 
width — modulated — signal — being and operat ive via the switching 
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circuitry to generate an electrical signal from which the acoustic 
audio component signal of the first channel is generated; 

each electrical signal being provided to its corresponding 
low-pass filter; and 

switch control circuitry including a level selector 
associated with the second channel operative to assert each of the 
first set of control signals of the second channel based on the 
second digital sub-signal and a maximum-width-pulse signal, the 
maximum- width-pulse signal establishing the maximum permissible 
pulse duration in a sampling cycle for the pulse width modulated 
signal . 

e — level — aclcctor — aaaociatcd — with — feiie — occond — channel , — fciie 
level oelcctor being operative to aoocrt each of the first oct of 
control — oignalo — in reoponoe — te — a — occond — set — — control — aignalo ; 
and 

eft — encoder operative — to generate — the — occond — &^ — — control 
aignalo based on the second digital oub oignal, 

57. (Currently Amended) A digital audio system according to claim 
56, wherein the second channel is one of a plurality of fixed- 
pulse-width channels; 

the multi-level electrical signal is one of a plurality of 
multi-level electrical signals, each multi-level electrical signal 
being generated from a corresponding one of a plurality of fixed- 
pulse-width channels; 

the acoustic audio signal is generated by additively 
combining a plurality of acoustic audio component signals from the 
first channel and the plurality of fixed-pulse-width channels, 
each the acoustic audio component signal of the each fixed-pulse - 
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width channele being generated from a corresponding one of the 
multi-level electrical signals; 

the set of switches is one set of a plurality of sets of 
switches / each set being associated with a corresponding one of 
the fixed-pulse-width channels, the first set of control signals 
for the second channel are one set of a plurality of first sets of 
control signals for the plurality of fixed-pulse-width channels, 
and the — occond oct of — control — signal o arc ono — sefe — of a plurality 
— QG cond — ooto — e# — control — signals — iea? — febe — fixed pulao width 
channel a, each first set of control signals for the fixed-pulse- 
width channels being associated with a corresponding fixed-pulse- 
width channel, each switch in the set of switches for each fixed- 
pulse -width channel being operative in response to assertion of a 
corresponding one of the first set of control signals for the 
corresponding fixed-pulse -width channel to provide one of the set 
of distinct levels of the multi- level electrical signal of the 
corresponding fixed-pulse -width channel; 

the level selector associated with the second channel is one 
of a plurality of level selectors each being associated with a 
corresponding one of the fixed-pulse-width channels, the level 
selector of each fixed-pulse-width channel being operative to 
assert each of the corresponding first set of control signals of 
the fixed-pulse -width channel in response to a corresponding one 
of a plurality of second sets of control signals and the maximum- 
width-pulse signal ; and 

the switch control circuitry further includes an ^ fefee— encoder 
ie— operative to generate the second sets of control signals based 
on the second digital sub-signal. 
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58. (Currently Amended) A digital audio system according to claim 
56, wherein (i) the electrical signal from which the acoustic 
audio component signal of the first channel is generated is a 
multi-level electrical signal, (ii) the act of awitchca, — the firot 
and — OGGond — sefe — of control — oignalo, — and — fehe — lovol — oolcctor — a*^ 
aooociatod with the occond channel, — level selector associated with 
the second channel is operative to assert each of the first set of 
control signals of the second channel in response to a second set 
of control signals for the second channel, and (iii) the switch 
control circuitry includes an encoder is— operative to generate the 
second sets of control signals for the first and second channels 
in response to the second digital sub-signal, and further 
comprising: 

a set of switches for the first channel within the switching 
circuitry, each switch in the set of switches for the first 
channel being operative based on assertion of a corresponding one 
of first set of control signals for the first channel to provide 
one of the set of distinct levels of the multi- level electrical 
signal of the first channel; and 

a level selector for the first channel within the switch 
control circuitry boing operative to assert each of the first set 
of control signals of the first channel based on the pulse width 
modulated signal, the maximum-width-pulse signal and the second 
set of control signals of the first channel. 

59- (Original) A digital audio system according to claim 56, 
wherein: 

the multi-level electrical signal of the second channel is a 
fixed-pulse -width electrical signal, the acoustic audio component 
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signal of the second channel is a fixed-pulse-width acoustic audio 
component signal, and the acoustic audio component signal of the 
first channel is a variable-pulse-width acoustic audio component 
signal generated from a variable-pulse-width electrical signal; 
and 

the switching circuitry includes a set of switches for the 
first channel operative in response to assertion of the pulse 
width modulated signal to generate the variable-pulse-width 
electrical signal . 

60. (Currently Amended) A digital audio system according to claim 
56, wherein the digital signal is a first frequency component and 
each of the acoustic audio component signals is in a first 
frequency band associated with the first frequency component, the 
acoustic audio component signals in the first frequency band being 
additively combined to form a first frequency acoustic audio 
signal, and the acoustic audio signal is generated by additively 
combining the first frequency acoustic audio signal in the first 
frequency band with a second frequency acoustic audio signal in a 
second frequency band associated with a second frequency 
component , the — occond — frequency — component — including — third — afid 
fourth — digital — aub aignalo — carr^^ing — rcapcctivc — Icaat — aftd — moot 
oignif icant — component o — — the — occond — frequency — component , — and 
wherein the channels are channels in the first frequency band and 
the plurality of loudspeakers, plurality of low-pass filters, 
pulse width modulated signal, maximum- width-pulse signal, 
switching circuitry, PWM circuitry, level selector and cncodor 
switch control circuitry are a plurality of first loudspeakers, a 
plurality of first low-pass filters, first pulse width modulated 
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signal, first maximum-width-pulse signal, first switching 
circuitry, first PWM circuitry, first level selector and first 
Gncodcr switch control circuitry respectivel y associated with the 
first frequency band , and further comprising: 

a second loudspeaker associated with the second frequency 

band ; 

a second low-pass filter coupled to the second loudspeaker; 

a band- separating filter operative to generate the first and 
second frequency components of the digital signal; 

second switching circuitry operative in response to assertion 
of a third act — e£ — control — oignalo second pulse width modulated 
signal to generate an electrical signal from which the second 
frequency acoustic audio signal in the — occond — frcquGncy band is 
generated , the electrical signal being provided to the second low- 
pass filter ; and 

second PWM circuitry operative to generate a — the second p ulse 
width modulated signal and a maximum width puloc aignal, — the pulac 
width — modulated — oignal — being — based on the second frequency 
component third digital — oub oignal, — tho maximum width puloc oignal 
GOtabliohing the maximum pormiooiblo puloc duration in a oampling 
cyclo for the GlcGtrical oignal; — a^el 

occond level — oclcctor being operative — to aoocrt — each of — fefee 
third oct — — control — oignalo — baoed on the — puloc — width modulated 
oignal, — the maximum width puloc oignal and the fourth digital oub 
oignal . 

61. (Currently Amended) A digital audio system according to claim 
^ 85 , wherein the multi- level electrical signal is a multi level 
olcGtrical — oignal one of a plurality of multi -level electrical 
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signals from which the — occond frequency acouotic audio — oignal — in 

the second frequency band is generated , each multi- level 

electrical signal in the second frequency band being generated 
from a corresponding one of a plurality of channels in the second 
frequency band; 

the second frequency acoustic audio signal is generated by 

additively combining a plurality of acoustic audio component 
signals from the plurality of channels in the second frequency 
band, the acoustic audio component signal of each channel in the 
second frequency band being generated from a corresponding one of 
the multi-level electrical signals; 

the second loudspeaker is one of a plurality of second 

loudspeakers each associated with a corresponding one of the 
channels in the second frequency band; 

the second low-pass filter is one of a plurality of second 

low-pass filters each coupled to a corresponding one of the second 
loudspeakers ; 

the second switching circuitry includes a plurality of sets 
of switches, each set being associated with a corresponding one of 
the channels in the second frequency band, and the third set of 
control signals is one set of a plurality of third sets of control 
signals, each third set of control signals being associated with a 
corresponding channel in the second frequency band, each switch in 
the set of switches for each channel in the second frequency band 
being operative in response to assertion of a corresponding one of 
the third set of control signals for the corresponding channel in 
the second frequency band to provide one of a set of distinct 
levels of the multi -level electrical signal of the corresponding 
channel in the second frequency band; 
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each multi- level electrical signal generated from a 
corresponding one of the channels in the second frequency band is 
provided to its corresponding low-pass filter; 

the second level selector is one of a plurality of second 

level selectors each being associated with a corresponding one of 
the channels in the second frequency band, the second level 
selector associated with a first one of the channels in the second 
frequency band being operative to assert each of the third set of 
control signals for the first channel in the second frequency band 
based on the second pulse width modulated signal, the second 
maximum-width-pulse signal and a fourth set of control signals for 
the first channel in the second frequency band, each of the other 
second level selectors being operative to assert control signals 
of the third set of control signals of the corresponding channel 
in the second frequency band in response to a fourth set of 
control signals for the corresponding channel in the second 
frequency band and the second maximum- width-pulse signal; and 

the second switch control circuitry further compriaing — a 
QQGond includes an encoder in the OGCond frcquGncy band operative 
to generate the fourth set of control signals for each channel in 
the second frequency band based on the fourth digital sub- signal. 

62. (Original) A digital audio system according to claim 60, 
wherein the first frequency band is a higher frequency band with 
more channels and the second frequency band is a lower frequency 
band with fewer channels. 
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63 . (Currently Amended) A digital audio system according to claim 
56, wherein each oct of the plurality of sets of switches io are 
not coupled to a difforont single power supply. 

64 . (Currently Amended) A digital audio system according to claim 
56, the digital audio system apparatuo — being contained within a 
single enclosure. 

65. (Currently Amended) A digital audio system according to claim 
56, wherein the switches in each set of switches are arranged in a 
multiple H-bridge configuration and are operative to apply either 
(1) zero voltage level to both ends of a load connected to the 
s wi t che s , the load comprising a low-pass filter coupled to a 
loudspeaker , or (2) equal magnitude o of a positive and or negative 
voltage level to oppooite one ende of the load and a zero voltage 
level to the other end at one any given time, such that current 
flowing through the load in one direction represents one positive 
voltage level, current flowing through the load in the reverse 
direction represents one negative voltage level, and no current 
flowing through the load represents a zero voltage level. 

66. (Original) A digital audio system according to claim 56, 
wherein the switching circuitry is operative to select positive 
and negative voltages to generate the acoustic audio signal. 

67 . (Currently Amended) A digital audio system according to claim 
56, wherein each of the levels in the set of distinct levels of 
each electrical signal is a corresponding multiple — ratio of a 
reference level and control of the volume of the acoustic audio 
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signal is obtained by controlling the magnitude of the reference 
level . 

68. (New) Apparatus according to claim 22, further comprising an 
interpolator operative to generate a second digital signal from 
the second frequency component, the second digital signal carrying 
multi-bit values at a second sampling rate higher than the 
sampling rate of the second frequency component and a noise shaper 
operative to generate a coarsely quantized digital signal from the 
second digital signal, and wherein the second PWM circuitry is 
operative to generate the second pulse width modulated signal in 
response to the coarsely quantized digital signal. 

69. (New) Apparatus according to claim 23, further comprising a 
noise shaper operative to generate a coarsely quantized digital 
sub- signal from the third digital sub- signal, and wherein the 
second PWM circuitry is operative to generate the second pulse 
width modulated signal in response to the coarsely quantized 
digital sub- signal . 

70. (New) Apparatus according to claim 23, further comprising an 
interpolator operative to generate a second digital signal from 
the second frequency component, the second digital signal carrying 
mult i -bit values at a second sampling rate higher than the 
sampling rate of the second frequency component and wherein the 
third and fourth digital sub- signals are not included in the 
second frequency component but included in the second digital 
signal and carry respective least and most significant components 
of the multi-bit values carried by the second digital signal. 
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71. (New) Apparatus according to claim 30, wherein the control 
signals comprising the second sets of control signals generated by 
the encoder based on the second digital sub- signal are numbered 
consecutively starting from one and corresponding to the value of 
the second digital sub-signal such that all control signals having 
a number less than or equal to the value of the second digital 
sub-signal will be turned on else turned off and the numbered 
control signals are interleaved among the different sets of second 
sets of control signals according to the numbers assigned to them. 

72. (New) Apparatus according to claim 35, wherein: 

the second frequency component includes third and fourth 
digital sub-signals carrying respective least and most significant 
components of the mult i -bit values carried by the second frequency 
component ; 

the electrical signal is a multi-level electrical signal from 
which the second frequency analog output is generated; 

second switching circuitry is operative in response to 
assertion of a third set of control signals to generate the multi- 
level electrical signal; and 

second switch control circuitry includes a second level 
selector operative to assert each of the third set of control 
signals in response to the second pulse width modulated signal, a 
second maximum- width-pulse signal and the fourth digital sub- 
signal, the second maximum- width-pulse signal establishing the 
maximum permissible pulse duration in a sampling cycle for the 
second pulse width modulated signal. 
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73. (New) Apparatus according to claim 35, further comprising an 
interpolator operative to generate a second digital signal from 
the second frequency component, the second digital signal carrying 
multi-bit values at a second sampling rate higher than the 
sampling rate of the second frequency component and a noise shaper 
operative to generate a coarsely quantized digital signal from the 
second digital signal, and wherein the second PWM circuitry is 
operative to generate the second pulse width modulated signal in 
response to the coarsely quantized digital signal. 

74. (New) Apparatus according to claim 72, further comprising a 
noise shaper operative to generate a coarsely quantized digital 
sub-signal from the third digital sub-signal, and wherein the 
second PWM circuitry is operative to generate the second pulse 
width modulated signal in response to the coarsely quantized 
digital sub- signal . 

75. (New) Apparatus according to claim 72, further comprising an 
interpolator operative to generate a second digital signal from 
the second frequency component, the second digital signal carrying 
multi-bit values at a second sampling rate higher than the 
sampling rate of the second frequency component and wherein the 
third and fourth digital sub-signals are not included in the 
second frequency component but included in the second digital 
signal and carry respective least and most significant components 
of the multi-bit values carried by the second digital signal. 

76. (New) A digital audio system according to claim 45, further 
comprising a noise shaper operative to generate a coarsely 
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quantized digital sub-signal from the first digital sub-signal, 
and wherein the PWM circuitry is operative to generate the pulse 
width modulated signal in response to the coarsely quantized 
digital sub-signal . 

77. (New) A digital audio system according to claim 45, further 
comprising an interpolator operative to generate a first digital 
signal from the digital signal, the first digital signal carrying 
multi-bit values at a first sampling rate higher than the sampling 
rate of the digital signal and wherein the first and second 
digital sub-signals are not included in the digital signal but 
included in the first digital signal and carry respective least 
and most significant components of the multi-bit values carried by 
the first digital signal . 

78. (New) A digital audio system according to claim 49, further 
comprising a noise shaper operative to generate a coarsely 
quantized digital sub-signal from the first digital sub-signal, 
and wherein the PWM circuitry is operative to generate the pulse 
width modulated signal in response to the coarsely quantized 
digital sub- signal . 

79. (New) A digital audio system according to claim 49, further 
comprising an interpolator operative to generate a first digital 
signal from the digital signal, the first digital signal carrying 
multi-bit values at a first sampling rate higher than the sampling 
rate of the digital signal and wherein the first and second 
digital sub- signals are not included in the digital signal but 
included in the first digital signal and carry respective least 
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and most significant components of the multi-bit values carried by 
the first digital signal. 

80. (New) A digital audio system according to claim 50, further 
comprising an interpolator operative to generate a second digital 
signal from the second frequency component, the second digital 
signal carrying multi-bit values at a second sampling rate higher 
than the sampling rate of the second frequency component and a 
noise shaper operative to generate a coarsely quantized digital 
signal from the second digital signal, and wherein the second PWM 
circuitry is operative to generate the second pulse width 
modulated signal in response to the coarsely quantized digital 
signal . 

81. (New) A digital audio system according to claim 51, further 
comprising . a noise shaper operative to generate a coarsely 
quantized digital sub- signal from the third digital sub- signal, 
and wherein the second PWM circuitry is operative to generate the 
second pulse width modulated signal in response to the coarsely 
quantized digital sub-signal , 

82. (New) A digital audio system according to claim 51, further 
comprising an interpolator operative to generate a second digital 
signal from the second frequency component, the second digital 
signal carrying multi-bit values at a second sampling rate higher 
than the sampling rate of the second frequency component and 
wherein the third and fourth digital sub-signals are not included 
in the second frequency component but included in the second 
digital signal and carry respective least and most significant 
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components of the multi-bit values carried by the second digital 
signal . 

83. (New) A digital audio system according to claim 56, further 
comprising a noise shaper operative to generate a coarsely 
quantized digital sub- signal from the first digital sub- signal, 
and wherein the PWM circuitry is operative to generate the pulse 
width modulated signal in response to the coarsely quantized 
digital sub- signal . 

84. (New) A digital audio system according to claim 56, further 
comprising an interpolator operative to generate a first digital 
signal from the digital signal, the first digital signal carrying 
multi-bit values at a first sampling rate higher than the sampling 
rate of the digital signal and wherein the first and second 
digital sub- signals are not included in the digital signal but 
included in the first digital signal and carry respective least 
and most significant components of the multi-bit values carried by 
the first digital signal . 

85. (New) A digital audio system according to claim 60, wherein: 

the second frequency component includes third and fourth 
digital sub-signals carrying respective least and most significant 
components of the multi-bit values carried by the second frequency 
component ; 

the electrical signal is a multi-level electrical signal from 
which the second frequency acoustic audio signal is generated; 



-45- 

WEINGARTEN. SCHURGIN. 
GAGNEBIN 6 LEBOVICI LLP 
TEL. (617) 542-2290 
FAX. (617) 451-0313 



Application No. 10/678,614 
Filed: October 3, 2003 
TC Art Unit: 2613 
Confirmation No. : 9436 

second switching circuitry is operative in response to 
assertion of a third set of control signals to generate the multi- 
level electrical signal; and 

second switch control circuitry includes a second level 
selector operative to assert each of the third set of control 
signals in response to the second pulse width modulated signal, a 
second maximum- width-pulse signal and the fourth digital sub- 
signal, the second maximum-width-pulse signal establishing the 
maximum permissible pulse duration in a sampling cycle for the 
second pulse width modulated signal. 

86. (New) A digital audio system according to claim 60, further 
comprising an interpolator operative to generate a second digital 
signal from the second frequency component, the second digital 
signal carrying mult i -bit values at a second sampling rate higher 
than the sampling rate of the second frequency component and a 
noise shaper operative to generate a coarsely quantized digital 
signal from the second digital signal, and wherein the second PWM 
circuitry is operative to generate the second pulse width 
modulated signal in response to the coarsely quantized digital 
signal . 

87. (New) A digital audio system according to claim 85, further 
comprising a noise shaper operative to generate a coarsely 
quantized digital sub- signal from the third digital sub- signal, 
and wherein the second PWM circuitry is operative to generate the 
second pulse width modulated signal in response to the coarsely 
quantized digital sub-signal. 
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88. (New) A digital audio system according to claim 85, further 
comprising an interpolator operative to generate a second digital 
signal from the second frequency component, the second digital 
signal carrying mult i -bit values at a second sampling rate higher 
than the sampling rate of the second frequency component and 
wherein the third and fourth digital sub-signals are not included 
in the second frequency component but included in the second 
digital signal and carry respective least and most significant 
components of the mult i -bit values carried by the second digital 
signal . 
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